Introduction. The most promising materials for superconducting permanent magnets recruit from the LRE-Ba 2 Cu 3 O y family. The typical pinning structure consists of point-like disorder, 'large' particles of non-superconducting secondary phases, and twin structure. Point-like disorder, associated with collective pinning of individual vortices, enhances super-currents at intermediate magnetic fields. The secondary-phase particles, around one micrometer in size, are most effective vortex traps at low magnetic fields. Twin planes represent a specific correlated disorder that has a special effect on the J(B) profile, either reducing height of the secondary peak or filling the dip between the secondary and central peaks. In the present work we summarize recent results obtained on ternary RE-Ba 2 Cu 3 O y compounds, where three different light-rare-earth elements (La, Sm, Nd, Eu, Gd) occupy the rare-earth site.
Introduction. The most promising materials for superconducting permanent magnets recruit from the LRE-Ba 2 Cu 3 O y family. The typical pinning structure consists of point-like disorder, 'large' particles of non-superconducting secondary phases, and twin structure. Point-like disorder, associated with collective pinning of individual vortices, enhances super-currents at intermediate magnetic fields. The secondary-phase particles, around one micrometer in size, are most effective vortex traps at low magnetic fields. Twin planes represent a specific correlated disorder that has a special effect on the J(B) profile, either reducing height of the secondary peak or filling the dip between the secondary and central peaks. In the present work we summarize recent results obtained on ternary RE-Ba 2 Cu 3 O y compounds, where three different light-rare-earth elements (La, Sm, Nd, Eu, Gd) occupy the rare-earth site.
Experimental results. Although technology plays most important role in the recent achievements in this field, we have no space to go into details here. These can be found in [1] .
It has been verified that mixing together several LRE elements at the rare-earth site of the LRE-123 compounds hinders neither appearance of superconductivity nor the melt texture growth. In most cases such complex compounds behave like a single-LRE 123 material. In any case, the bulk ternary LRE-123 compounds produced by oxygen-control melt-growth method exhibit excellent electromagnetic properties. This is due to the creation of point-like disorder from LRE/Ba solid solution, and secondly, because of the low-field pinning by 'large' secondary phase particles added before the melt growth process. In typical ternary compounds, concentrations of all rare-earth elements are equal. Main emphasis is devoted to optimizing both point-like and 'large' particles pinning systems. The effect of 'large' particles on J c is inversely proportional to a power of the the particle size [2, 3] . Therefore, numerous attempts have been made to reduce the particle size below 3 µm, the commercial secondary phase powder size. Although in, e.g., NEG-123 compound all secondary phases, NEG-211, Nd-422, Eu-211, and Gd-211, can play a similar role, it was found that Gd-211 and Eu-211 phases are spontaneously created from NEG-211 and produce very small particles, of hundreds nm in size [4] . Recently, a successful attempt was made to intentionally reduce size of the commercial Gd-211 powder by milling in acetone by means of Y 2 O 3 -ZrO 2 balls. In dependence of the milling time (0.5 to 4 hours), the particles had the average size from 200 to 70 nm [5, 6 ]. An optimum concentration was found to be 40 mol% [5] . With this amount of Gd-211 particles with 75 nm initial size, the remanent (self-field) super-current density, J c0 , at 77 K and 90 K reached 260 kA/cm 2 and 60 kA/cm 2 in NEG-123 ( Fig. 1 (a) ), and 157 kA/cm 2 and 26 kA/cm 2 in SEG-123 ( Fig. 1 (b) ), respectively. Performance of the new NEG-123 was of about one order of magnitude better than that of the best Y-123 samples and about twice as large as in the best NEG-123 prepared so far. It is worth mentioning that the trapped magnetic field, necessary for the permanent magnet function, is proportional to the pinning performance at low fields, i.e. to J c0 .
With the same amount of the secondary phase but various particle sizes a clear effect of the particle size was observed, supporting
where R is the initial size of the secondary-phase particles (after milling but be-
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fore melt-texturing). Such a dependence follows from the model of volume pinning by large particles [3] . More exact would be to correlate J c0 with the actual size of particles in the melt-textured superconductor. The structural analysis made by scanning tunnelling microscope (STM) and high-resolution transmission electron microscope (HRTEM) revealed a system of very small particles, ranging in size from 50 to 20 nm [5] . The microchemical analysis made by energy-dispersive X-ray analysis (EDX) associated with scanning transmission electron microscopy (STEM) in the high-angle dark-field (HAADF) mode determined these particles as Zr-rich secondary phase. These defects evidently arose during the melt-texturing process from Gd-211 particles contaminated by Zr during the ball milling. It is quite plausible to assume that the number of such nanoparticles grows as the initial particle size is reduced. Thus, the mean value of the particle size distribution decreases with increasing milling time. The exact quantitative correlation has not been yet determined.
The experimental data in Fig. 1 were fitted by the empirical function [7, 8] 
where J c1 and J c2 are magnitudes of the central and secondary peak, respectively, B is the applied magnetic induction, B L is the magnetic field characteristic scale, B max is position of the secondary peak, and n is the effective exponential-decay-rate parameter. In the fits (solid lines), J c1 values were taken from experiment and J c2 , B L , B max , and n were free parameters. In NEG-123 compounds with Nd:Eu:Gd concentration ratio around 33:38:28, a nanometer scale lamellar sub-structure of about 3 nm width and approximately the same period formed and filled channels of a regular twin structure [10] (Fig. 2, left) . The microstructure analysis revealed that these lamellas consisted of clusters of a slightly non-stoichiometric material. Though the regular twins usually are not much effective pinning medium at high fields, in combination with the nano-scale lamellas the pinning was extremely good: measurements at 77 K by a vibrating sample magnetometer (VSM) with magnetic field up to 14 Tesla (Fig. 2, right) resulted in a hysteresis loop still open at the maximum magnetic field. Fig. 2 , right, shows that irreversibility field is in the range of 15 T. The maximum J c at 77 K (the secondary peak maximum at 4.2 Tesla) was about 70 kA/cm 2 , rather moderate, the peak being somewhat depressed by the regular twin activity [9] .
Evidently, the materials with the nanoscale lamellas doped by nanometer-scale secondary phase particles would represent materials extremely interesting for applications.
Levitation at liquid oxygen, 90.2 K. Although the main interest has been so far for bulk superconductor applications at 77 K, with cooling by liquid nitrogen, the recent achievements in the technology, especially materials with T c ≥ 93 K and their excellent pinning performance up to vicinity of T c , enabled applications at the operating temperature as high as 90.2 K, the temperature of liquid oxygen [5] .
Besides the potential use at 77 K (and below) in such challenging applications like magnetically levitating train (MagLev), an intensive research is under way in ship propulsors, superconducting energy storage, construction of noncontact liquid-gas-transport pumps, strong magnets for magnetic separation technology for removal of environmentally hazardous or inconvenient material components, waterquality recovery, sewage-containing water treatment, oil and sea-water recycling etc.
Conclusions. Recent achievements in the technology of ternary LRE-123 material qualified them as the best candidates for use as a new class of 'permanent' superconducting magnets in magnetic-levitation applications. Further progress is possible by combining the materials for high-field use with nanoscale secondaryphase particles.
